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Abstract: New innovations are called for to renew the European forest sector into bioeconomy.
However, little research exists on how the industry innovativeness is publicly perceived. Using data
collected with an online questionnaire in four European countries, we investigate perceptions related
to forest sector innovations on 13 current and new bioeconomy-related products and services.
Altogether, 218 valid responses were received in 2015, and the data were analysed using descriptive
statistics, performance-importance analysis, and Gartner’s innovation hype cycle. Based on our
results, the respondents were in the strongest agreement that the forest sector has since the year
2000 has produced innovations related to wood building systems, construction materials, and wood
composites. In the next 15 years, they foresaw a decline in innovations related to biofuels and paper
products. The European forest sector also has future potential in wood construction, which is likely
related to international policy targets related to carbon mitigation and capture. The observed variation
in perceptions among the respondents on forest sector innovativeness calls for strengthening industry
R&D, as well as by improving societal awareness of ongoing innovation projects by developing
better communication.
Keywords: forest bioeconomy; innovations; Austria; Finland; Germany; Slovenia; hype cycle
1. Introduction
A creative destruction is expected to take place in the forest sector with many products maturing
and factors for competitiveness changing [1]. New innovations are clearly needed to renew the
traditional wood, pulp, and paper industry sector into bioeconomy. According to the deﬁnition of
the European Commission [2], bioeconomy constitutes “ . . . the production of renewable biological
resources and the conversion of these resources and waste streams into value added products, such as
food, feed, bio-based products and bioenergy. Its sectors and industries have strong innovation
potential due to their use of science, enabling and industrial technologies, along with local and tacit
knowledge”. Furthermore, the European commission blueprint [3] underlines the importance of
stimulating sectoral transition with radical innovations, structural adaptation, and increasing efﬁciency
in material and energy use towards zero-waste production to allow sustainable market growth both
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within and outside the EU. The bioeconomy era offers many opportunities for holistic development of
the forest sector through the intelligent use of biomass, as well as through developing innovations
related to the entire spectrum of forest ecosystem services [4].
Although sustainability as a transformational force in global competition in the forest sector has
gained more ground [5], scientiﬁc debate about the bioeconomy and its relation to sustainability is still
at an early stage [6,7]. In addition, the research ﬁeld is dominated by technological orientation [6,8],
lacking the capability to address critical preconditions, trade-offs, or societal/consumer beneﬁts.
A competitive bioeconomy not only needs to encompass tangible components associated with
bio-resources, but also intangible components in terms of the ability to produce and process customer
knowledge to ensure adaptation in the changing global economic context and meeting sustainability
challenges [8,9].
Furthermore, a “ . . . transition described for the bioeconomy and post-carbon strategies and
pathways will require system-wide changes involving society, governments and industry” [10]
(p. 10462). The involvement of the forest sector at the societal level has received much less attention,
although normative issues of bioeconomy have to be discussed at the societal level before or during
new-product development, if bioeconomy-related inventions are to be implemented in a welfare
enhancing way [11]. Importantly, understanding current perceptions on innovations is one of the key
challenges that need to be overcome to reach social acceptance [12]. Conﬂicting issues with bioeconomy
have included ethical issues with adopting new biotechnology, land use change [13], biomass use for
energy, or the food-fuel debate [14,15]. Another example of potential conﬂicting issues can be found
from the interdependencies of carbon storage and material efﬁciency aspects of wooden buildings [16].
Furthermore, scholars point out that more attention is needed on the European level for
innovations to support better resource efﬁciency at the end of life, e.g., with the use of post-consumer
wood waste for wood-based panels or wood pellets, utilizing pulp waste for new bioeconomy
products and targeting improved efﬁciency processes for recycling and incineration [17]. For example,
the recycling rate of non-hazardous construction and demolition waste management should be at a
minimum of 70% of its weight by 2020 [18], also inducing new innovation challenges for forest sector
companies processing wood products, especially for construction purposes [19].
From a business point of view, innovations are needed for the diversiﬁcation of forest industry
business models and product portfolios, which have previously been excluded from forest-based
sector analyses and practices [20]. A recent study [21] on the development of advanced bioreﬁnery in
Sweden suggests that bioreﬁneries could act as a platform for the revitalization of the mature pulp and
paper industry. However, they felt that without the use of innovation policy instruments that create
markets for renewable fuels and green chemicals, the diffusion beyond demonstration plants will be
very slow. As another example, the spread of wooden multi-story construction (WMC), especially
in the Nordic countries, has been claimed as the most interesting new business opportunity in the
emerging forest bioeconomy [22,23].
In addition to sustainability and innovations, the third avenue of sectoral renewal can be seen to
be associated with services (or servitization, i.e., integration of services and products) and the way that
services enter business processes in current global value chains. Instead of thinking of the increasing
role of services as a trend, it can be interpreted as an indicator of more profound changes taking place
in the forest industrial production modes and in the logic of how operations are organized [24].
The perception of newly developed products and technologies is often accompanied by hype,
a phase characterized by an upsurge of public attention and high rising expectations about the potential
of the innovation [25]. Such hypes are, according to the Gartner hype cycle concept [26], followed by a
considerable decline of attention that may be connected with disappointment of the earlier expectations.
The according ups and downs of expectations have been shown to potentially have a strong impact on
innovation processes [25,27].
Based on a recent literature review [28], forest industry competitiveness is increasingly connected
with various types of factors related to innovation and differentiation strategies at the ﬁrm-level.
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However, this report also found that cross-sectoral R&D collaboration, which is strongly advocated
by national and international bioeconomy strategies, is almost completely missing in ﬁrm-level
analysis of the forest sector. Overall, research on public perceptions or expectations affecting the
acceptability of the forest sector innovations in Europe is very fragmented, with the exception of a
recent study [29] only related to forest ecosystem services. The study by Ranacher et al. (2017) also
found that public perceptions vary highly among respondents regarding how they see the level of
forest sector responsibility, indicating a potential legitimacy gap and a risk of losing the social license
to operate for forest sector businesses [29]. From a general perspective, scholars [30] argue that radical
innovations describing creative destruction stem from institutional changes.
To contribute to the scarce literature on forest bioeconomy from an innovations perspective,
we aim to investigate perceptions in four European Union member countries related to forest sector
innovation and innovativeness. Our speciﬁc research questions are as follows:
1. How is the past and expected innovation performance of the forest sector perceived among
our respondents?
2. How are different types of innovations perceived among our respondents?
To do this, we used data collected with an online questionnaire during May–September 2015 from
four European countries and analysed it using descriptive statistics, performance-importance analysis,
and the Gartner’s hype cycle concept.
2. Conceptual Background
According to Schumpeter, innovation is [31] a mechanism that deploys new knowledge,
technology, products, or services in the market and is, in the form of creative destruction, a necessary
driver for competitiveness and economic dynamics. He deﬁned ﬁve different types of innovation in
the introduction of a new product (1), a new method of production (2), the opening of a new market
(3), discovering a new input supply (4), or a change in industrial structure (5). At the company level,
innovativeness can be understood either as one’s ability to develop and utilize innovations or as the
propensity to innovate, and deals with changes in products, services, processes, or business systems
(i.e., administrational or marketing innovations). However, innovation and innovativeness are two
terms that tend to be used interchangeably in both the theory and practice of forest sector innovation
research, although they do not have the same meaning [32].
In our study, we approach innovations in forest bioeconomy from the viewpoint of a value-added
pyramid (Figure 1) and by recognizing innovation opportunities in terms of products, production
processes, services, or business models. The bottom segment of the pyramid consists of incremental
improvements in traditional pulp, paper, and wood products and wood-based bioenergy. The middle
section is characterized by more value-added components, which could be advanced biofuels,
biomaterials, and composites, or from an organizational innovations point of view, developing new
marketing channels, service enhancements, or the reduction of environmental impacts. The top
of the pyramid then includes higher-value added, niche products such as highly sophisticated
system solutions (for example in the new tall wooden buildings), ﬁne chemicals, or nanocellulose.
Nanocellulose is, due to its high versatility, perhaps the most interesting new niche material discussed
under the umbrella of forest bioeconomy [33]. Nanocellulose has the most promising applications in
light-weight ﬁbre-based packages and composites with excellent strength properties and potentially
some added functionality, the modiﬁcation of rheological properties of liquids and suspensions in
various industrial ﬁelds, transparent ﬁlms as barrier materials, substrates for printed electronics and
electronic displays, hydrogels for medical applications, and aerogels for ﬁltration and insulation [34].
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Figure 1. Classiﬁcation of forest bioeconomy-related innovations using a value pyramid. Note: Due to
condensing of the text, the full content of the lowest part includes pulp, paper, paperboard, commodity
wood products, and ﬁrst-generation biofuels and bio-based energy.
One of the core challenges in forest bioeconomy is to successfully materialize the move from
bottom low added to top high value added, where volumes of products and services tend to be
much smaller in terms of market demand. Scholars [35] have advocated that in future bioreﬁneries,
the economics of scope inevitably mean moving away from large-sized cost efﬁcient processes making
bulk products into more customized and innovative products and specialized uses of resources,
which means changing the dominant industry logic. In order to understand this change process better,
it is necessary to further elaborate on the dynamic aspects in forest-based bioeconomy innovations.
Technology hype cycle models have mainly been developed and utilized for the purpose of the
early identiﬁcation of new and convergent technologies and of forecasting potential social change
(e.g., [27]). In particular, supported by the development of bibliometric methods, attempts to analyse
hype cycles through quantitative analytical approaches and to utilize their results in forecasting
(e.g., [36,37]) have been developed. Among technology cycle models, Gartner’s hype cycle model [38]
(see Figure 2) has become popular due to its explanatory power.
Figure 2. Gartner technology hype cycle (adapted from [38]).
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Efforts to empirically analyse technology hype cycles during the early 2000s focused on stock
markets and therefore failed to sufﬁciently account for the visibility of the technology, which is one
main feature of the hype cycle [38]. Later on, the efforts to make empirical contributions to the hype
cycle concept progressed by making use of indices of news reports and technology literature [39]
However, “the explanatory power of such studies still remained unimpressive, due to the insufﬁciency
of empirical analyses linked to the theories closely related to the hype cycle, such as those pertaining to
product cycles or consumer behaviour” [27] (p. 82). For example, the possibility of building connections
between the Gartner hype cycle model and conventional product life cycle models has been studied in
an empirical case of hybrid automobiles in the U.S. [27] and energy storage technologies [40].
For the identiﬁcation of the differences, the importance-satisfaction matrix, based on the quadrat
analysis [41], was chosen as a useful instrument. The importance-satisfaction matrix has already
been used in various ﬁelds, for example, it has been applied to the customer’s perception gap on
the importance and performance of 14 automotive service attributes [42] or of an organization’s
services [43], and has been employed to analyse the gap between customers’ and managers’ perception
with respect to the characteristics of public transportation services [44] or the supplier’s and buyer’s
gap on softwood lumber quality requirements [41]. In general, the matrix visually depicts customer
priorities and product feature evaluations [45]. This graphical visualization and the possibility to plot
both the importance and performance of various features in one grid makes it easy to interpret [41,42].
3. Material and Methods
The survey data used in this study were part of a larger European survey on perceptions of the
forest sector [46]. The survey was available online and advertised via e-mail (e.g., industry e-mail lists,
including different stakeholder groups, as well as forestry students), social media, and online forums,
with the purpose of reaching both people involved and not involved in the forest sector. The majority
of the respondents originate from four forestry rich European countries namely, Austria, Finland,
Germany, and Slovenia. Thus, respondents were selected through convenience sampling aiming at
as rich participation as possible. However, no conclusions can be drawn on the opinion of national
populations. The data gathering was implemented during May–September 2015.
In contrast to other topics covered [29,47,48], the part of the survey reported in this paper focused
on the range of forest sector innovation. For the survey, a questionnaire consisting of three modules
was developed. The ﬁrst module was designed to investigate how respondents perceived forest
sector companies’ past performance (since the year 2000) related to 13 forest-bioeconomy-innovations
(wood construction materials, paper products, composite materials fabricated with wood or paper
materials, nanocellulose, biofuels made from forest resources, service enhancements in forest
management, production processes, material substitution with wood, developing recognized brands,
developing or utilizing new marketing channels, reducing the environmental impacts of forestry,
reducing the environmental impacts of processing and manufacturing, and building systems
with wood). The second module was designed to measure the considered importance of the 13
forest-bioeconomy-innovations for societal and sustainable development over the next 20 years. For all
cases, a ﬁve-point Likert-scale (1 = Strongly disagree, 3 = Undecided, 5 = Strongly agree), including an
additional “I don’t know” option, was used. In module 3, respondents were asked about how often
they purchased forest sector products and services.
The questionnaire was pre-tested in native languages prior to the implementation of actual data
gathering and then back translated. In all four countries, a pre-test was conducted in April 2015
(with n = 20) to make sure that the questions could be understood, and based on it, some changes
were made to the questionnaire. In addition to inquiring about an extensive list of various potential
areas of innovations, questions about the socio-demographic characteristics of the respondents were
included in the fourth module (e.g., age, gender, education, residential area, employment status,
and involvement in the forest sector through formal education, profession, or forest-ownership).
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Altogether, 218 valid responses were received on the perceived current and future state of forest
industry innovativeness using 13 forest-bioeconomy-innovations. Of the 218 respondents, 37%, 32%,
23%, and 8% were from Germany, Slovenia, Austria, and Finland, respectively. A slightly lower share
were women (47.6%) and 51% were between 21 and 41 years old. Slightly over one half (53%) of the
respondents stated that they lived in urban areas.
Overall, it must be stated that the sample is not representative of any of the country populations,
and instead it portrays perceptions of a more limited set of persons with or without forest sector
involvement, but interested in industry performance. It is assumed that some of those who participated
in the survey did so for a speciﬁc reason, such as familiarity either with the topic, or the involved
research institution. It likely attracted respondents interested in forestry and forest issues even when not
formally involved in the sector [48]. Thus, the existence of a response bias must be considered. In order
to deal with the most obvious bias in the sample, the potential sector involvement by employment,
education, or ownership was considered in the survey and analysis. Due to an uneven number of
respondents from the four countries, we will make no attempt to analyze country-level differences.
The following ﬁrst presents the distributions of the actual questions and respondent reactions to
them. The data were analysed using descriptive statistics and t-tests, as well as performance-importance
analysis to investigate potential gaps, and to identify the structure of respondent expectations.
After this, we dive into analysing the innovation hype curve to reﬂect on the previously presented
model of innovation.
4. Results
4.1. Recognition and Importance of Different Innovations
Our respondents were in the strongest agreement that the forest sector has, since the year 2000,
produced innovations for wood building systems, construction materials, and composites. The lowest
image of innovativeness since the year 2000 was perceived to be associated with the organizational
side: the development of new marketing channels and recognized brands, as well as forestry services
(see Figure 3). Another area perceived as being less innovative was paper products.
Construction materials
Paper
Composites
Nanocellulose
Biofuels
Forestry services
Process innovations
Material substitution with wood
Brand development
New marketing channels
Env. impacts:forestry
Env. impacts: industry
Wood building systems
1 2 3 4 5 6
Figure 3. Respondent distribution to the statement: “Since the year 2000, forest sector companies have
produced signiﬁcant innovations related to . . . ” (Scale from 1 = Strongly disagree, to 5 = Strongly
agree, 6 = I don’t know).
For the next 20 years (see Figure 4), it was perceived that the forest industry should continue to
focus on wood construction-related innovation efforts. The development of wood-based biofuels and
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paper products gained the lowest level of support. Regarding nanocellulose, it is notable that over
one-third of the respondents were incapable of evaluating past as well as future innovation activity,
indicating that they lacked awareness regarding this innovative material. When comparing the mean
values of respondents for past innovation performance and future expectations on innovativeness,
it was evident that the respondents have higher expectations for future innovativeness, with the only
exception of biofuels (signiﬁcant decrease at 1% level). Other t-tests (with the exception of paper and
composites) were signiﬁcant and showed that respondents attributed higher values to the future than
to the past.
Construction…
Paper
Composites
Nanocellulose
Biofuels
Forestry services
Process…
Material…
Brand…
New marketing…
Env.…
Env. impacts:…
Wood building…
1 2 3 4 5 6
Figure 4. Respondent distribution to the statement: “For societal and sustainable development, I
think the forest sector should focus their innovation efforts over the next 20 years on . . . ” (Scale from
1 = Strongly disagree, to 5 = Strongly agree, 6 = I don’t know).
Applying the same data to a performance importance grid (see Figure 5) using the variables of
the past developments (i.e., the statement formulated as, “Since year 2000, forest sector companies
have produced signiﬁcant innovations related to . . . ”) as performance indicators, and the variables
on future requirements (i.e., the statement formulated as, “For societal and sustainable development,
I think the forest sector should focus in their innovation efforts over the next 20 years on . . . ”) as
importance indicators, additional information can be extracted. According to Figure 5, construction
materials, wood building systems, and composites can be all found in the top right quadrant of the
grid. Those innovation areas can be therefore considered as top performers, and they are considered
as important, as well as already successful, in terms of awareness among the respondents. However,
it is important to keep in mind that all 13 items were rated as relatively important and no major
differences exist.
Within all innovations covered, wood-based biofuels represent the greatest anomaly. It is the only
innovation for which the future importance is perceived to be clearly lower than the performance in
the past. In contrast, paper-related innovations were generally rated at a relatively low level when
focusing on the past 15 years, but appeared to demonstrate a slight increase for the future. In the
case of nanocellulose, the future importance and the past performance were almost equal; however,
as stated before, over 30% of the respondents were not able to provide a rating in this case. Of the top
performers, the smallest increase between past and future ratings was perceived among respondents
in the case of wood-based composites.
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Figure 5. Performance Importance Grid (Scale from 1 = Strongly disagree, to 5 = Strongly agree).
Following the logic of performance-importance analysis, the innovations in the top left quadrant
are those which should receive additional attention in the future since their performance is relatively
low in relation to their future importance. Brand development, forestry services, environmental impacts
of the industry, and process innovations would therefore qualify for the focus of increasing activities
when considering the perceptions of these respondents. In addition, developing marketing channels,
addressing better environmental impacts of forestry, and material substitution with wood all form a
virtual second line of future potential focus in the industry innovation agenda.
4.2. The Inﬂuence of Forest Sector Involvement and Respondent Background
One strong inﬂuencer of personal involvement in forest-sector related topics is respondents’
engagement with the forest sector through formal education, profession, or forest ownership [29,47].
People not involved in the sector have signiﬁcantly lower levels of recognizing the innovations
and often have high rates of ‘I don’t know’ answers. People not involved in the sector mainly
recognized innovations in traditional use such as building systems, wood construction materials,
biofuels, and material substitution. However, when asked about the importance of future innovations,
these differences decreased. Independent of involvement, the majority of respondents considered
the innovations as important in the future. However, people involved in the sector put slightly more
importance on the innovations than people not involved in the sector. This is particularly true in the
case of the top performers (construction, building systems, and composites), which were all ranked
more important and slightly more satisfying by involved respondents.
Nanocellulose was considered more important and biofuels less important by involved
respondents. In a similar manner, paper-related innovations were considered as more important
and satisfying among not involved respondents. However, the most notable differences between
involved and not involved respondents were observed in the case of innovations in the top left
quadrant. While brand development, forestry services, and process innovations were top rated items
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in terms of future importance by involved respondents, the not involved ones preferred environmental
impacts of forestry and industry to require additional future consideration.
It can be noted that we also experimented with using exploratory factor analysis to analyze
respondents’ perceptions on 13 different innovations, and this was able to produce a two-dimensional
solution that could be labeled as (1) Product Innovation and (2) Intangible Innovation. However,
since only marginal differences emerged across respondent background on which one of these they
perceived to be of higher importance, and no connection to Figure 1 type of innovation breakdown
could be detected, these results were left out.
In applying the concept of hype cycle curves to the observations made in our study (Figure 6),
the positioning of the different innovations remains generally vague with a few potential patterns.
Hence, the purpose of this illustration (Figure 6) is to highlight differences between innovation
expectations for these products arising from the data, but their placement on the curve is naturally
not meant to be exact. Biofuels, for example, seem to have passed the peak of inﬂated expectations,
reaching the trough of disillusionment. Building systems, construction materials, and composites
may be considered on the slope to enlightenment towards the plateau of productivity. This may also
apply to paper-based innovations, although on a much lower level. It seems that this category was
likely assessed from the conventional pulp, paper, and paperboard products point of view. In contrast,
the whole concept of nanocellulose was probably too far away from market application to allow for a
proper consideration by the respondents without earlier exposure to forest sector innovation agendas.
Hence, in the hype cycle model, nanocellulose may be placed at the very front end, and actually be
placed even before the technology trigger.
Figure 6. Schematic position of the investigated innovation areas in Gartner’s technology hype cycle.
When interpreting the results in light of the hype cycle modelling approach, all other innovations
considered in this study may be placed on the slope towards the peak of inﬂated expectations,
as indicted by the importance ratings outperforming the satisfaction values. However, the position
of these items remains a matter of personality. While respondents with sector involvement can be
in favour of process innovations, brand development, and forest services, the ones not involved
may prefer innovations reducing environmental impacts. This seems understandable considering the
commercial relevance of the ﬁrst group over the societal relevance of the second group. Although
it would be an obvious assumption, the results do not suggest that the involved persons recognize
innovations earlier and rate them generally as more important in comparison to persons who are not
Forests 2018, 9, 255 10 of 13
involved. However, the involved persons can have higher expectations regarding the products and
consequently become more disappointed than the uninvolved ones.
5. Discussion
With reference to our two research questions, we conclude that the image of past forest sector
innovativeness among the respondents from the four European forest rich countries is not necessarily
a product-related issue. Instead, it is more based upon the respondents’ awareness of the innovations,
since, for instance, very few respondents had any view of the category that is seen as the most
promising among industry itself, i.e., nanocellulose [34]. It was also perceived that in the next 15 years,
the forest sector should continue to focus on wood construction and building system-related innovation
efforts, likely linked to international policy targets related to climate change mitigation and carbon
capture. This is also in line with previous research from Finland and Sweden, which states that wooden
multi-story construction is considered to have the most promising new business opportunity for the
future bioeconomy [23].
In parallel, the incapability of respondents to evaluate innovations like nanocellulose indicates
a lack of awareness at least partly due to the fact that applications of nanocellulose products visible
for consumers such as food packages are not yet in the markets [49]. There is an associated risk with
the acceptability of products in Europe, for example, when comparing attitudes towards genetically
modiﬁed food [50] or new and emerging sustainable energy technologies [51,52]. Therefore, in the use
of nanocellulose, there also remain unknown territories, since potential risks have been identiﬁed in
using the nanomaterials for different purposes [53].
Nevertheless, some basic limitations of the study need to be considered. Obviously,
the convenience sampling of the survey and small sample size limit the generalization of results
to larger populations. As can be seen from the socio-demographic description of the sample, it is
clearly biased compared to the population of any of the countries in terms of education, age, amount
of young respondents, and a higher than average likelihood of forest-based sector involvement. Hence,
the results are not transferable to the entire population, but based on our ﬁndings and the developed
questionnaire, a greater large-scale study can be recommended.
6. Conclusions
In conclusion, observed variation in perceptions of forest sector innovativeness calls for
strengthening of both ﬁrm-level R&D activity and more national or regional level functioning of the
forest bioeconomy innovation system. In addition, there is impetus for improving the forest industry
image and acceptability among the general public by more effectively stewarding sustainability of
resources, products, and manufacturing processes. Building higher general awareness on the emerging
new products, such as nanocellulose, abreast with producing information, and communicating on
the issues affecting their acceptability, is a prime example here. Furthermore, the perceptions of
forest sector innovativeness may not only measure the “image” of the sector, but also how much
the respondents in their role as end-users have been engaged in co-creative innovation activities.
The observed variation in perceptions among the respondents on forest sector innovativeness calls for
strengthening industry R&D, as well as improving societal awareness on ongoing innovation projects
by better communication. Regarding future research needs, there is clearly room for improving the
methodology, especially in addressing the drawbacks of the non-random sampling method used.
Reaching a representative European sample on the general public would be very interesting to validate
our preliminary insights. Additionally, acknowledging possible cross-country effects resulting from
differences in terms of respondents' socio-economic background or prior awareness with industry or
ﬁrm-level innovation agendas in respective countries merits further work.
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